cDNAs encoding human parainfluenza virus type 4A and type 4B (hPIV-4A and -4B) fusion (F) proteins were cloned and sequenced. The predicted amino acid sequences of the F proteins had similar characteristic traits to those reported for the F proteins of other paramyxoviruses, They were more closely related to the F proteins of simian virus 5 (SVS), mumps virus (MuV), hPIV-2 and Newcastle disease virus (NDV) than to the F proteins of hPIV-1, hPIV-3, Sendai virus (SV) and measles virus (MV) . In addition, hPIV-4A, hPIV-4B, SV5 and MuV shared a common feature of genomic organization: there was a small ORF between the F and haemagglutinin-neuraminidase (HN)-coding sequences, implying a common ancestry.
Human parainfluenza viruses belong to the genus
Paramyxovirus of the family Paramyxoviridae and are important respiratory tract pathogens of infants and children. Despite their medical importance, limited information is available on the molecular biology and molecular genetics of these agents of human disease, especially for human parainfluenza virus type 4 (hPIV-4). hPIV-4 was first isolated and characterized by Johnson et al. (1960) . Subsequently, antigenic heterogeneity was observed by the use of polyclonal antibodies (Canchola et al., 1964) . A large number of monoclonal antibodies (MAbs) directed against hPIV-4 has been produced (Komada et al., 1989) , the structural polypeptides determined, and the antigenicity between the two subtypes 4A and 4B compared. In addition, the nucleotide sequences of the nucleoprotein (NP) , phosphoprotein (P) (Kondo et al., 1990b) , matrix protein (M) (Kondo et al., 1991) and haemagglutinin-neuraminidase (HN) protein have been determined. Using MAbs, the antigenic properties of the F proteins of hPIV-4A and * Author for correspondence. Fax +81 592 31 5008.
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-4B have been shown to be different. In the present investigation the amino acid sequences of hPIV-4A and -4B fusion (F) proteins were determined, and the structural features were compared with the F proteins of other paramyxoviruses.
The cDNA libraries against nucleocapsid RNA and mRNA of hPIV-4A (M-25 strain) and -4B (68-333 strain) were constructed according to the methods of Okayama & Berg (1982) or Gubler & Hoffmann (1983) . The libraries were screened using a DNA fragment derived from the recombinant plasmid pG4HF1, containing the sequence upstream from the HN gene , as a probe. The clones containing a portion of the F gene were sequenced by the dideoxynucleotide chain termination method using [e-35S]dATP (Dupont-NEN). Sequence analyses were done with the SDC GENETYX program.
To elucidate the relationship between the hPIV-4A and -4B F protein sequences and those of other paramyxoviruses we aligned the deduced hPIV-4 F protein sequences with those of other viruses: hPIV-2 (Kawano et al., 1990b) ; mumps virus (MuV) (Waxham et al., 1987) ; simian virus 5 (SV5) (Paterson et al., 1984) ; Newcastle disease virus (NDV) (Chambers et al., 1986) ; hPIV-1 (Merson et al., 1988) ; hPIV-3 (Spriggs et aL, 1986) ; measles virus (MV) (Richardson et aI., 1986) ; and Sendai virus (SV) (Blumberg et al., 1985) . We estimated
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hPIV-2 the F proteins of paramyxoviruses. (Kondo et al., 1991) . The long-flanking sequences are thus one of the characteristic traits of hPIV-4 glycoprotein genes.
The predicted amino acid sequences of both proteins were aligned with those of hPIV-2, MuV, SV5, NDV, hPIV-1, hPIV-3, MV and SV (Fig. 1) . The alignment indicates that the F proteins of hPIV-4A and -4B were cleaved between residues 103 (Arg) and 104 (Phe) just after the putative connecting peptide sequence (EIQSR) which is very similar to those of SV (VPQSR) and hPIV-1 (NPQSR). The connecting peptide sequence of hPIV-4 was characterized by a single basic residue at the cleavage site, which explains its reported low capacity for cleavage in certain hPIV-4-infected mammalian cells (Komada et al., 1989) as well as in SV-infected cells (Homma & Ohuchi, 1973) . Four potential asparagine-linked glycosylation sites were identified in the F protein sequence of hPIV-4A and five sites in that of hPIV-4B (Fig. 1) , although the third site (NPS) in F~ was less favourable because of the presence of proline. Glycosylation at some of these sites could at least partially explain the discrepancy between the calculated Mr of F 0 (59930 and 59933 for hPIV-4A and -4B, respectively) and that estimated by SDS-PAGE (61000 and 65 000 for hPIV-4A and -4B, respectively) (Komada et al., 1989) . Three highly hydrophobic regions (the signal sequence at the N terminus of F 0, the fusion peptide at the N terminus of F 1 and the C-terminal anchoring domain of F 0 and the leucine zipper-like motif observed in the F proteins of other paramyxoviruses were also identified in the hPIV-4 F proteins (Fig. 1) .
A high degree of identity was observed between the deduced sequences of the F proteins of hPIV-4A and -4B (Table 1 ). This degree of identity was greater than the immunological similarity between the F proteins of hPIV-4A and -4B, determined by using MAbs (Komada et al., 1989) . The alignment of the F protein sequence of hPIV-4 with that of other viruses (Fig. 1 ) revealed significant sequence homologies between the paramyxoviruses. The number of amino acid substitutions was calculated from the proportion of different amino acids in the sequences and a phylogenetic tree was constructed (Fig. 2) . From this analysis of the similarities between the F proteins, paramyxoviruses were divided into two groups: one group comprises hPIV-4A, hPIV-4B, hPIV-2, MuV and SV5; the other comprises hPIV-1, hPIV-3, SV and MV. This grouping was consistent with immunoprecipitation data from our previous immunological study (Ito et al., 1987) . Furthermore, three of the five potential N-linked glycosylation sites observed in the hPIV-4 F proteins were conserved among hPIV-4, hPIV-2 and SV5; two of the three existed in MuV F protein and one of the two was observed in the F protein of NDV (Fig. 1) .
The above observations indicate that these protein molecules evolved under common structural constraints, implying a common ancestor. It is interesting to note that in the phylogenetic tree for the HN protein, hPIV-4A and -4B were more closely related to hPIV-2 than to SV5 and MuV (H. Komada and others, unpublished data) , whereas in the phylogenetic tree for F proteins, hPIV-4A and -4B were more closely related to SV5 and MuV than to hPIV-2. These results may be an indication of the complicated evolution of the paramyxoviruses. By means of phylogenetic analyses of these F proteins we were able to confirm the subdivision of parainfluenza viruses into two groups: the odd-numbered virus group and the even-numbered virus group, MV belonging to the former group and both NDV and MuV belonging to the latter group (Ito et al., 1987; Kawano et al., 1990a, b) . In the latter group, MuV (Hiebert et al., 1985) and SV5 (Elliott et al., 1989) have an ORF encoding a small hydrophobic (SH) protein between the F and HN genes. A recent study of the F gene of hPIV-2 implied that the greater part of the SH gene might have been deleted from hPIV-2 during its evolution (Kawano et al., 1990b) . These findings led us to expect that hPIV-4 would also possess an SH-like gene in the region between the F-and HN-coding sequences since our data indicated significant evolutionary relationships between hPIV-4 and these viruses. Indeed, we found a sequence, encoding putative hydrophilic polypeptides of 117 amino acids for hPIV-4A and 69 amino acids for hPIV-4B, in the region between the F-and the HN-coding sequences. However, no structural homology was observed between these two hydrophilic polypeptides and the SH proteins. This observation emphasizes the correctness of our conclusion that hPIV-4 should be classified in one of the two large groups of paramyxoviruses, together with hPIV-2, SV5 and MuV.
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